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fractionsAbstract We have attempted to identify the chromosomal region harboring genes encoding major
glue fractions by correlating the glue protein synthesis with the puffing pattern of the
X-chromosome of Drosophila nasuta nasuta during normal larval development and in the presence
of exogenous 20-OH Ecdysone. The division 10 of the X-chromosome was characterized by the
presence of a puff right from early third instar which attains its maximum size in the mid third instar
stage and remains active till the onset of prepupal stage. The puff was found to regress when larvae/
glands were exposed to exogenous 20-OH Ecdysone in vivo or in vitro, suggesting that it is an
intermolt puff. Salivary glands treated with 20-OH Ecdysone revealed a significant reduction in
the total protein content as well as X-linked glue fractions resolved by SDS–PAGE.
 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
In Drosophila during larval development, the salivary glands
synthesize glue proteins. The synthetic products are stored in
the cytoplasm as granules and are released into the lumen of
the gland at the end of third instar stage of larva. Later these
proteins are extruded from the lumen of the glands to the exte-
rior shortly before pupariation and are supposed to be
involved in affixing the puparium to the solid surface
(Fraenkel and Brookes, 1953; Lane and Carter, 1972; Korge,1977; Thomopoulos and Kastritsis, 1979; Crowley et al.,
1983; Meyerowitz et al., 1987; Ramesh and Kalisch, 1989a,b;
Andres and Thummel, 1992 and Riddiford, 1993). Additional
investigations also suggest that they might possess functions
beyond affixing the prepupae to the substratum such as
immune function (Korayem et al., 2004). The synthesis of most
of the glue proteins cease abruptly from the time of pupation
(Beckendorf and Kafatos, 1976) and are repressed by rising
levels of Ecdysone (Poels, 1970, 1972). Experiments conducted
by Berendes (1967) on Drosophila hydei have clearly shown
that the transition from the intermolt puffing pattern to the
larval/prepupal puffing cycle is due to an increase in Ecdysone
titer. Using 20-OH Ecdysone, several glue protein genes have
been correlated to the puffs on polytene chromosomes in
Drosophila melanogaster (Korge, 1975, 1977). Further the
study of glue proteins in D. melanogaster has provided an
2 R. Prithi et al.insight into their production and their relationship to chromo-
some puffs (Beckendorf and Kafatos, 1976; Velissariou and
Ashburner, 1980). Hansson and Lambertsson (1989) suggested
that despite similarities in developmental expression, different
genes encoding glue proteins might be under different controls,
and therefore it would be appropriate to extend similar work
in other species differing in their glue protein system. Such
studies will enable us to understand the differential regulation
of genes encoding proteins with similar functions in different
species. However much needs to be explored regarding the
salivary gland products in the distantly related species of
Drosophila.
The nasuta subgroup of immigrans group consists of a clus-
ter of closely related, morphologically almost identical
species/subspecies with varying degrees of reproductive isola-
tion (Wilson et al., 1969; Nirmala and Krishnamurthy,
1974). Studies on glue proteins in various members of the
D. nasuta subgroup during the last two decades have revealed
that the glue is produced in copious amounts, which is almost
double in quantity compared to D. melanogaster and most of
these are synthesized from early third larval instar stage by
X-chromosomal genes (Ramesh and Kalisch, 1988, 1989a,b
and Zajonz et al., 1996). Present experiments were designed
to study the puffing pattern in the X chromosome to identify
the region of the X chromosome that correlates with the
synthesis of glue proteins during larval development and to
investigate the response of the puff to exogenous 20-OH
Ecdysone.
Materials and methods
Drosophila stocks and maintenance
The wild type strain of Drosophila nasuta nasuta (Coorg, India;
Stock No. 201.001) was obtained from Drosophila Stock Centre,
Department of Studies in Zoology, University of Mysore,
Mysore, India. Populations of these flies were built up by a
serial transfer technique using quarter pint bottles containing
standard wheat cream agar medium. To maintain uniformity
with regard to age and development of the larvae in the exper-
imental batches, synchronized eggs were collected by Delcour’s
procedure (1969). The eggs thus collected were transferred to
petridishes containing the culture medium to which a few
drops of yeast suspension were added. The eggs were allowed
to hatch and 25 first instar larvae were picked up and placed in
8 cm  2.5 cm glass vials containing an equal quantity of
culture medium. The larvae in these vials were fed with liquid
yeast solution twice a day and maintained in a vivarium at
22 ± 1 C with 12:12 L:D cycle and 60% relative humidity.
Puffing pattern of X-chromosome during normal development
During development, as the age of the larva advances the color
of the spiracles change from white to brown. Under the said
culture conditions the larvae reach early third instar stage
(with white spiracles) at about 144 h; mid third instar stage
at about 168 h with spiracles turning light brown. They get
into late third instar stage (dark brown spiracles) at 192 h;
from the time of egg laying (0 h) they become prepupae at
about 216 h with the eversion of spiracles. The salivary glands
from aforementioned stages were dissected to prepare polytenechromosomes in order to analyze the puffing pattern of the
X chromosome during normal development. The photomap
of Ranganath and Krishnamurthy (1975) was used as a
reference to identify the chromosomes and the regions of puff
formation.
20-OH Ecdysone treatment
The 20-OH Ecdysone (Sigma, USA, Catalogue No. H-5142)
was dissolved in acetone to get a stock solution of
37.44 mM. The Ecdysone treatment of mid third instar larvae
was carried out both in vitro and in vivo. Five replicates each
comprising 25 pairs of salivary glands for in vitro and 25 larvae
for in vivo experiments were used to document the puffing
pattern in the presence of 20-OH Ecdysone.
In vitro
The experimental set up consisted of 3 batches - control I, con-
trol II and treated group. The salivary glands from mid third
instar larvae were dissected in Phosphate buffered saline
[PBS] (Cavagnaro et al., 1980). Control I consisted of glands
incubated in 500 ll of PBS alone, while the glands incubated
in 500 ll of PBS solution containing 0.5% acetone (to check
the effect of acetone on puffing pattern) served as control II.
The treated group comprised glands incubated in 500 ll of
PBS containing 187 lM 20-OH Ecdysone dissolved in acetone.
The glands in all the batches were incubated for 30 min only.
The above mentioned concentration of 20-OH Ecdysone was
found to be optimal under our culture conditions and was
fixed according to Eeken (1977). The puff size was calculated
according to Ashburner (1972). The ratio of the diameter of
the puffed region to that of an adjacent band not involved in
the puffing activity was measured by using Image J software
(http://imagej.nih.gov/ij/). Student’s t test was carried out
between control and treated puffs, to test the significance of
differences obtained. The mean width of the unpuffed region
in the control 25.02 ± 1.08 units and the treated samples
23.5 ± 1.63 units was found to be insignificant.
Further, in another experiment the salivary gland dissected
from individual larvae were used for in vitro experiments
wherein one lobe of the gland incubated in PBS containing
acetone served as a control while the other lobe from the same
mid third instar larva was treated with 187 lM 20-OH
Ecdysone for 30 min to check for variations if any, resulting
from the use of different larvae.
In vivo
To study X-chromosomal puffing in the presence of 20-OH
Ecdysone in vivo, the hormone was fed by mixing it in yeast sus-
pension as per Garen et al. (1977) and Gates et al. (2004) with
minor modifications. Twenty-five mid third instar larvae were
placed in an eppendorf tube containing 500 ll of yeast solution
with 374 lM 20-OH Ecdysone were allowed to feed for 3 h.
Similarly the larvae that were allowed to feed on 500 ll of
yeast solution containing 1% acetone that served as control.
Preparation of salivary gland chromosomes
The standard protocol of Ashburner (1967) was followed to
prepare polytene chromosomes with some modifications. The
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the PBS to isolate the salivary glands with both the lobes
intact. Salivary glands from these larvae or the treated glands
were fixed in 1 N HCl (Ranganath and Krishnamurthy, 1975)
for 20–30 min and stained with 2% Lactoaceto orcein for
about 20–30 min. Slides were prepared by squashing the glands
of a single individual in a drop of 45% acetic acid and a drop
of lactic acid. The X-chromosomal puffs in the polytene
chromosomes of early third instar larvae, mid third instar
larvae and prepupae were photographed by using digital
camera attached to Olympus BX60 microscope to document
the puffing patterns.
Protein estimation and SDS–PAGE on treatment with 20-OH
Ecdysone
Total protein estimation of the treated glands (in vitro and
in vivo) and the controls was carried out by micromethod as
described by Neuhoff (1985). Five pairs of the mid third instar
glands in 5 replicates were fixed in 95% alcohol and processed
in 1:1chloroform and methanol (Ramesh and Kalisch, 1988).
The samples were dissolved in sample buffer (0.0625 M Tris–
HCl pH-6.8, 2% SDS, 5% 2-mercaptoethanol, 10% glycerol);
25 ll of sample thus prepared was spotted on cellulose acetate
strips (Sartorius AG 37070, Germany) and briefly dried.
Known quantities of BSA processed in a similar manner were
used for obtaining the calibration curve. The spots were
stained with 0.25% amido black in methanol and acetic acid
(9:1). The spots were excised and dissolved in 2 ml DMSO
and the absorbance was read at 630 nm.
In a parallel experiment, single pair of control and treated
mid third instar glands dissolved in sample buffer were
resolved by SDS–PAGE (Ramesh and Kalisch, 1988). After
electrophoresis the gels were stained with Coomassie Brilliant
Blue-R250 and the image was documented in Bio Rad gel doc-
umentation XR+ image system. Volume analysis of the major
glue protein fractions (Ramesh and Kalisch, 1989a,b) was
done from 30 samples to examine the differences if any, inFigure 1 Puffing at division 10 of X-chromosome of D. n. nasuta du
instar stage (c) prepupal stage. * – band not involved in puffing activithe volume of major fractions between the treated and
untreated glands.Results
Large median puff at division 10 of X-chromosome
The X chromosome was analyzed at different intervals of
larval development starting from early third instar stage till
prepupal stage. Puffs at divisions 5 and 10 were consistently
observed. The puff at division 5 was found to be constant
throughout the larval stages; while the division 10 was charac-
terized by the presence of a puff which was found to be small in
the early third instar stage (Fig. 1a) but it appeared quite huge
during the mid third instar stage (Fig. 1b). This puff regressed
in the prepupal stage (Fig. 1c).
Exogenous 20-OH Ecdysone and puff regression
In vitro
We checked if the puff at division 10 inD. n. nasuta responds to
Ecdysone titers. For this purpose, the salivary glands from mid
third instar larvae were isolated and treated with PBS/PBS +
acetone/20-OH Ecdysone (see Material and methods for
details). For the present study exogenous 20-OHEcdysone with
final concentration of 187 lM was used to incubate the glands
for 30 min. The polytene chromosomes prepared from these
glands revealed the presence of puff at division 10 in the control
and also in acetone treated glands (Fig. 2a and b). However it
was found to be regressed only in the chromosomes of salivary
glands that were treated with 20-OH Ecdysone in vitro (Fig. 2c).
The puff diameters of the control and the treated samples were
subjected to Student’s t test and the differences were found to
be statistically significant (Table 1).
To verify that the above observations were not a conse-
quence of individual variations, we incubated one lobe of the
larval salivary gland in PBS containing acetone and anotherring normal development (a) early third instar stage (b) mid third
ty.
Figure 2 Response of puff at division 10 of X-chromosome after in vitro Ecdysone treatment for 30 min. (a) Control I: incubation
medium containing only PBS (b) control II: incubation medium containing 0.5% acetone in PBS (c) treated: incubation medium
containing 187 lM acetone Ecdysone in PBS.
Table 1 Student’s paired t test for the analysis of Ecdysone
treated and untreated puff size. The puff size is a ratio of puffed
region to an adjacent band not involved in puffing activity.
Groups Mean ± Std. Er. Sig.
In vitro Control 3.504 ± 0.115 .000
Treated 2.570 ± 0.093
In vivo Control 3.25 ± 0.236 .006
Treated 1.94 ± 0.149
Note: Data from 25 samples each from control and treated salivary
gland polytene chromosome preparations have been pooled. Sig-
nificance at p< 0.01.
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these preparations, the regression of the puff at division 10 was
observed only in the Ecdysone treated lobe while the puff in
the other lobe was normal (Fig. 3).
In vivo
To confirm the in vitro observations on regression of puff at
division 10, we allowed the mid third instar larvae to feed on
a yeast solution containing 374 lM 20-OH Ecdysone and stud-
ied the response to puff. A higher concentration of Ecdysone
was used to ensure sufficient uptake of the hormone by the
larva. Even in these in vivo experiments, we observed that
the puff at division 10 on the X-chromosome was regressed
only in larvae fed with 20-OH Ecdysone (Fig. 4b) but not in
controls where the larvae were fed only with yeast (Fig. 4a).
These results correspond with our in vitro observations.
Protein estimation on treatment with 20-OH Ecdysone
Total protein content of the salivary glands in control and
treated groups was estimated. The data obtained weresubjected to Student’s t test for statistical analysis. The results
showed a significant decrease in the protein content in the
20-OH Ecdysone treated samples when compared to the
control group (Fig. 5).
SDS–PAGE of Ecdysone treated and untreated salivary glands
Samples prepared from a single pair of control and treated
glands in 30 replicates were electrophoresed on 13.7% acry-
lamide gels. The gels were documented and a comparative semi
quantitative analysis of five major fractions (130 kD, 43 kD,
30/28 kD, 14 kD) between control and treated groups was
made using the volume tools mode in the Image Lab software
(version 2.0.1) (Fig. 6). The volume data was log transformed,
tested for normality distribution and subjected to Student’s
t test for statistical analysis. Further, the X linked fractions
among the control and treated groups were tested for
significance. The analysis revealed a significant difference in
these fractions (Fig. 7).
Discussion
The steroid hormone triggers a well defined program of tran-
scriptional activity in Drosophila salivary glands that is mani-
fested as puff (Guay and Guild, 1991). The puffs seen in mid
third instar larval stage are called intermolt puffs (Ashburner
et al., 1974). Eight genes (Sgs1–9), encoding several of the glue
polypeptides have been genetically mapped to intermolt puffs
in the salivary gland polytene chromosomes during glue
protein synthesis (Korge, 1975, 1977; Akam et al., 1978 and
Velissariou and Ashburner, 1980, 1981). The intermolt puffs
regress just before puparium formation in response to a
dramatic increase in the concentration of Ecdysone (Hansson
and Lambertsson, 1989). Ashburner and Richards (1976)
have demonstrated that the regression of the puff at 68C in
the in vitro cultured salivary glands is a function of the
Figure 3 Response of puff at division 10 of X-chromosome after in vitro Ecdysone treatment for 30 min. (a) control: one lobe of a pair of
salivary gland in the incubation medium containing 0.5% acetone in PBS (b) treated: another lobe of the gland in the incubation medium
containing 187 lM acetone Ecdysone in PBS.
Figure 4 Response of puff at division 10 of X-chromosome after in vivo Ecdysone treatment (a) control: X-chromosome of larvae
incubated in PBS containing 1% acetone (b) treated: X-chromosome of larvae incubated in 374 lM of acetone dissolved Ecdysone in PBS.
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suggests that the glue genes are regulated by complex hormone
response units (Lehmann, 1996). In D. melanogaster all the
glue genes Sgs4 are autosomal except for one (Sgs 4) which
is an X-linked gene (Korge, 1975).Glue proteins in nasuta subgroup are produced in copious
amounts. In D. n. nasuta these secretions resolve into 5 major
fractions viz., 130 kD, 43 kD, 30 kD, 28 kD, and 14 kD on
SDS–PAGE. Genetic experiments have revealed that the
major glue protein fractions are X-linked (Ramesh and
Figure 5 Total protein estimation by Neuhoff’s micromethod
from five pairs of mid third instar salivary glands was made. In
vitro and in vivo 20-OH Ecdysone treated groups differed
statistically from controls at p< 0.01 (**) and p< 0.05 (*)
respectively.
Figure 6 SDS PAGE (13.7%) using a single pair of mid third
instar glands was performed. Major fractions were resolved using
SDS–PAGE and volume analysis was done with 30 replicates by
Image Lab software (version 2.0.1). Log transformed volume of
the gel bands of major fractions was analyzed and statistically
evaluated using Student’s t test. Lane designations for 1 – control
(in vitro); 2 – control (in vivo); 3 – treated (in vitro); 4 – treated
(in vivo) and Marker (M).
Figure 7 Log transformed volume of major fractions from
in vitro and in vivo 20-OH Ecdysone treated samples. The log
volume of total and X-linked fractions of the treated samples was
statistically significant at p< 0.05 (*) and p< 0.01 (**).
6 R. Prithi et al.Kalisch, 1988, 1989a,b; Zajonz et al., 1996). The present study
was undertaken to localize transcriptionally active regions on
the X-chromosome during larval development by analyzing
the puffs on polytene chromosomes and to correlate thesetranscriptionally active regions to the synthesis of glue pro-
teins. For this purpose, we first analyzed the puffing pattern
of X-chromosome during normal development of larva. Subse-
quently, we studied the effect of Ecdysone on the puffing pat-
tern of X-chromosome. Salivary glands were treated in vitro
and in vivo with 20-OH Ecdysone which is a physiologically
active form of the hormone (Andres and Thummel, 1992), to
correlate the puffing patterns with glue protein synthesis.
Finally, we analyzed the consequence of early regression of
X-chromosomal puff on the pupation site preference if any,
by feeding the larvae with 20-OH Ecdysone.
The analysis revealed that during larval development, the
puffs at divisions 5 and 10 of the X chromosome were found
to be present at all stages to be studied. The puff at division
5 was visible throughout the larval stage with no variation in
its size (Fig. 1). The puff at division 10 was small in the early
stage (Fig. 1a). It was seen right from the stage at which the
salivary gland chromosomes in the early third instar larvae
reach a moderate degree of polyteny that allows the specific
chromosome region to be identified. The small size of this puff
in the early third instar could be attributed to a low degree of
polytenization and to the stage at which the glue proteins are
synthesized to traceable amounts as shown by studies on onto-
geny (Ramesh and Kalisch, 1988). By mid third instar stage the
size of the same puff was rather huge (Fig. 1b). The maximum
size of the puff at division 10 in the mid and late third instar
stages correlates with the high amount of glue protein synthe-
sis; which in the case of D. n. nasuta and its related species is
known to produce double the quantities, as compared with
that of D. melanogaster (Ramesh and Kalisch, 1988). The pre-
sent study revealed that this puff in prepupal stage undergoes
regression (Fig. 1c). Regression of the puff at division 10 of the
X chromosome also occurred in vitro, following the incubation
of the mid third instar salivary glands with 20-OH Ecdysone
(Figs. 2 and 3). Similar result was also obtained in the
in vivo experiments (Fig. 4); indicating that this puff is regu-
lated by Ecdysone. Thus present results suggest that the puff
at division 10 of X-chromosome in D. n. nasuta is an intermolt
puff that responds to 20-OH Ecdysone. Rajasekarasetty et al.
(1980) by means of interspecific crosses have documented the
homosequential nature of the X chromosome in different
species/subspecies of the D. nasuta subgroup. In view of this,
we presume that the response of puff at division 10 to
20-OH Ecdysone in all other species/subspecies of D. nasuta
subgroup would be same.
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salivary glands was determined and it was found to be
significantly decreased in the treated groups compared to the
control (Fig. 5). SDS–PAGE analysis of glue proteins in
D. n. nasuta by Ramesh and Kalisch (1988) has revealed that
the 130 kD, 43 kD and 30/28 kD fractions are synthesized in
significant amounts during the third instar stage. They sug-
gested that there is a progressive increase in the quantity of
glue based on the increase in the band width and staining
intensity. Proteins that are separated on SDS–PAGE band
when stained with CBB–R250 provide information on not only
the approximate molecular weight but also on the approximate
amount of protein in each band (Wai et al., 2009). In the
present study SDS–PAGE was carried out for making a
volume analysis of the major fractions using Bio-Rad Image
Lab software. Here volume refers to the intensity of the band
present within the band boundary. Such an analysis and its
comparison between the treated and control groups showed
a significant difference in the total volume of the major secre-
tory fractions. When the X-linked fractions were subjected to
Student’s t test between treated and control groups, there
was a significant difference in volume (Fig. 7). Since it was
observed that only the puff at division 10 was active at
different time points of the third instar stage and responds to
Ecdysone, we made an attempt to check if there is a relation-
ship between the status of the puff at division 10 with the
synthesis of glue proteins. Our study revealed a significant
reduction in the total protein content in the 20-OH Ecdysone
treated samples. Further the results of volume analysis of the
major fractions and X linked fractions in control and treated
samples revealed a significant reduction in treated samples
where the puff at division 10 is regressed.
Based on the in vitro and in vivo experiments conducted in
the present study, it is evident that the puff at division 10 on
the X-chromosome of D. n. nasuta is an intermolt puff, which
responds to increased titers of Ecdysone a few hours before
pupation during normal development. The appearance of this
puff right from the early third instar till pupation corresponds
with initiation of glue protein synthesis from the early third
instar stage and its accumulation at maximal levels during late
third instar stage. These results suggest a high possibility that
in D. n. nasuta the X-chromosomal region at division 10 har-
bors glue protein gene/s that encode major fractions. Our
results fall in line with the results of Crowley et al. (1983)
who correlated the puffing of 68C with 3 autosomal glue
protein genes viz., Sgs3, Sgs7 and Sgs8 of D. melanogaster.
In D. nasuta subgroup, a number of X-linked glue protein frac-
tions also show polymorphism in natural populations (Ramesh
and Shivanna, 1999). Whether these X-linked glue protein
fractions in D. n. nasuta are the products of alternative splicing
that occurs before translation of the protein or the conse-
quence of differential post-translational modification of the
peptides (Matlin et al., 2005 and Day and Tuite, 1998) needs
to be checked. Nevertheless, results of the present study would
be helpful to look for potential deficiency lines that will be
suitable for future functional studies on glue proteins in
D. n. nasuta. Further studies focusing on the sequence function
and regulation of genes encoding these X-linked fractions in
closely related members of the D. nasuta subgroup would
not only enable us to understand the evolutionary divergence
at molecular level with respect to this tissue specific and stage
specific protein but also would serve as an excellent model foraccounting the nature and extent of evolutionary divergence of
specific genes in closely related species of nasuta subgroup
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